Auditory processing is enhanced for sounds with higher levels of acoustical complexity. Vocal production facilitates pitch error detection in naturally-produced human vocalizations. Human subjects control their voice pitch better for perturbations in voice auditory feedback compared with non-vocal complex or pure tone feedback.
h i g h l i g h t s
Auditory processing is enhanced for sounds with higher levels of acoustical complexity. Vocal production facilitates pitch error detection in naturally-produced human vocalizations. Human subjects control their voice pitch better for perturbations in voice auditory feedback compared with non-vocal complex or pure tone feedback.
a b s t r a c t
Objective: The present study investigated the neural mechanisms of voice pitch control for different levels of harmonic complexity in the auditory feedback. Methods: Event-related potentials (ERPs) were recorded in response to +200 cents pitch perturbations in the auditory feedback of self-produced natural human vocalizations, complex and pure tone stimuli during active vocalization and passive listening conditions. Results: During active vocal production, ERP amplitudes were largest in response to pitch shifts in the natural voice, moderately large for non-voice complex stimuli and smallest for the pure tones. However, during passive listening, neural responses were equally large for pitch shifts in voice and non-voice complex stimuli but still larger than that for pure tones. Conclusions: These findings suggest that pitch change detection is facilitated for spectrally rich sounds such as natural human voice and non-voice complex stimuli compared with pure tones. Vocalizationinduced increase in neural responses for voice feedback suggests that sensory processing of naturallyproduced complex sounds such as human voice is enhanced by means of motor-driven mechanisms (e.g. efference copies) during vocal production. Significance: This enhancement may enable the audio-vocal system to more effectively detect and correct for vocal errors in the feedback of natural human vocalizations to maintain an intended vocal output for speaking. Ó 2011 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Auditory feedback is critically involved in learning and production of speech sounds, along with online monitoring and control of vocal output for maintaining verbal fluency during speaking. It has been well established by previous studies that perturbations in voice auditory feedback induce disruptive effects on the quality of produced speech. Auditory feedback deprivation in post-lingual deaf individuals has been reported to result in progressive deterioration of speech quality and intelligibility (Cowie and Douglas-Cowie, 1983) . Moreover, introducing delays in online voice feedback disrupts speech articulation in normal individuals while considerably reducing stuttering in a population of developmental stutterers (Chase et al., 1961; Kalinowski et al., 1993) . In addition, more recent studies have suggested that dysfunctions in production and processing of self-generated voices may lead to abnormal vocal reactions to perturbation in acoustical parameters of auditory feedback in patients with Parkinson's disease (Kiran and Larson, 2001 ) and children with autism spectrum disorders (Russo et al., 2008) .
A practical approach for studying the mechanisms of audiovocal integration for voice production and control is to examine vocal and neural responses to artificially-generated perturbations in voice auditory feedback. 
